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Abstract 
 
 
Throughout the United States, stormwater runoff from streets and similar hardscapes has 
had detrimental effects, often resulting in flooding, erosion, and health concerns. This thesis 
focuses on stormwater management as it relates to university campuses and the benefits of 
having formal stormwater master plans. It is the responsibility of universities and their patrons to 
model state of the art techniques, best management practices (BMPs) for sustainability, and to 
exemplify social and environmental values taught in the classroom. The positive impacts of 
sustainable stormwater management are becoming well known; however, it is still too difficult 
for campus managers to find exemplars of university stormwater management programs or post-
development analysis. This is often due to sociotechnical factors which account for both 
technical knowledge and social influences. My thesis is a pilot study for a longer campaign in the 
dissemination of knowledge about campus stormwater practices. This project identifies campus 
exemplars and describes key features of their management programs to illustrate how BMPs may 
be employed more readily. The project also identifies crucial factors leading to and preventing 
implementation of sustainable stormwater practices. Design and maintenance specialists, campus 
Facility and Service (F&S) practitioners, local municipalities, and university representatives have 
been consulted to provide emic perspectives and information that helps illustrate how and why 
BMPs have or have not been incorporated on university campuses. These interviews provide 
opinions and reactions to university stormwater operating systems. The aggregate of all the 
collected data describes both structural and non-structural management approaches for each of 
the precedents included in the study.  
Key Words: sociotechnical, stormwater, best management practices, university campus 
management, sustainability, master plans, MS4 
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I. Introduction 
 
 Throughout the United States, as a result of unchecked runoff from our hardscapes and 
over-dependence on sewer systems, our aquifers and surface water sources are being 
contaminated by pollutants, waste, debris, and soil. While much is known about sustainable 
techniques that might ameliorate these issues, university campuses face many difficulties when 
trying to adopt them. If stakeholders and campus decision-makers are able to see more easily 
how other schools similar to theirs are implementing best management practices (BMPs), it 
would be easier for them to adjust their management plans to improve both structural and 
procedural BMPs.  
This study focuses on aiding the adoption of campus-based sustainable stormwater 
management systems, more specifically the BMPs laid out by the United States Environmental 
Protection Agency (EPA) and the Bureau of Land Management (BLM). At the heart of this study 
lies the notion that although modifying campus stormwater management plans is complicated, 
the development of comprehensive plans is an important first step in achieving improved 
management of stormwater systems. Although each campus is unique, the study aims to identify 
the primary driving forces and the constraints that campus planners face when considering 
implementation of these BMPs. Many of these factors are sociotechnical:  that is, they merge 
technical knowledge with social influences and biases. Most, if not all “technology is embedded 
in a complex set of other technologies, physical surroundings, people, procedures, etc. that 
together make up the socio-technical system” (Socio-Technical System Main Page 2013).  
The context of a university campus presents an intriguing perspective for this study. 
Universities are quite different from one another, maintaining sometimes drastically different 
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goals, financial resources, size, and specializations for education. Universities and institutions of 
higher education do however share a few traits that have provided a rationale on which to focus 
this study. First, many universities operate as their own small cities within a condensed area. 
They have their own local government, specified territory, internal organizations, and agendas 
and goals for future subsistence. Second, universities are all competitive. They compete with 
other universities to garner student enrollment and other resources, as well as to maintain a 
national or regional status. For these reasons, universities provide a unique control group for a 
descriptive research study such as this one. Some even believe that the ability of higher 
education institutions to reform their own practices is an important indicator of humankind’s 
ability to address the global environmental imperative across all sectors of society (Sharp 2009). 
 
Motive  
Universities have an opportunity to set an example, demonstrating their expertise and 
branding themselves as advocates for sustainability. Currently, there is a lack of readily available 
information regarding exemplars of campus-wide sustainable stormwater management systems. 
Fortunately, a few case study databases do exist, including but not limited to Landscape 
Architecture Foundation (LAF) and The Association for the Advancement of Sustainability in 
Higher Education (AASHE). These databases advertise innovative projects and self-reported 
sustainability data; however, due to their broad scope and general coverage, they may be 
inadequate for specific purposes. One cannot fault these organizations for their efforts and 
achievements; however, a great amount of information remains yet to be collected to enhance 
public understanding and for planners to learn from others’ successes and failures. The concept 
of sustainability covers a wide array of topics. Even when narrowing this array to focus on 
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stormwater management on university campuses, the wide range of contributing factors leading 
to environmentally responsible systems often proves challenging for authorities to fully explore. 
Further investigation is necessary to document and disseminate these successes and failures and 
to ensure the continual improvement of stormwater management on campuses. The problem is 
essentially a practical one:  the vastness and complexity of the information needs consolidation. 
The goals for this study are to identify successful situations in which universities 
exemplify their devotion to sustainability via best management practices for stormwater 
management on a campus-wide scale, or at minimum have outlined measurable goals to 
ameliorate sustainability inadequacies. Once identified, these institutions are compared to 
universities within the Upper Mississippi Watershed to structure a framework of successful and 
unsuccessful practices leading to the employment of continual BMP usage.   
 
Central Concepts 
The need to build a larger collective body of knowledge and the need for universities to 
improve their stormwater management practices extends far beyond the borders of the university 
and far beyond the reaches of this thesis. In an ideal situation, all university campuses would be 
able to act as sound educational exemplars for the lessons they teach. If all universities were able 
to employ BMPs to manage their stormwater, the effects would transcend local boundaries to 
improve the physical, chemical, and biological health of their entire watershed. As Cathy Abene, 
the Principal Civil Engineer at the University of Minnesota suggests, to achieve this, mindsets 
and behaviors need to change to value stormwater as an essential resource as opposed to a waste 
product. Abene has mentioned that high quality drinking water is often used for irrigation 
because it is inexpensive. This proves to be a wasteful use of a valuable and limited resource. 
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Abene surmises that if the cost of municipal water were to increase, people would look more to 
stormwater and other gray water sources for irrigation and other similar practices (Abene 2012). 
Discernible steps need to be taken by campus planners and decision makers to set and 
achieve measurable goals in an effort to achieve this transformation. When goals are met, 
universities have the responsibility to showcase and share their innovations and successes. Both 
attitudes and behaviors are affected by awareness and knowledge. One who more fully 
understands his environment, may be more inclined to make alternative, more learned decisions 
than those who are comparatively ill-informed. This can be applied to the decision-making 
processes leading to the successful implementation of BMPs. The current lack of easily 
accessible data suggests a lack of conceptual and/or strategic coordination between the 
implementation of BMPs and their ability to be used as educational tools. The continued lack of 
easily accessible data also hinders the progress of stormwater management innovations and 
imposes an obstacle to education and the dissemination of information in sustainability.   
All runoff entering rivers and streams contributes to adverse downstream effects. The 
impacts of unchecked stormwater pollution and superfluous volumes affect not only the 
immediate environmental vicinity of the pollution source, not only the surrounding communities, 
but also downstream ecologies. Effluents within the Upper Mississippi River watershed also 
become part of the larger Mississippi River watershed that ultimately drains into the Gulf of 
Mexico. Thus, our actions (or lack thereof) have a far greater effect than we may imagine.  
Morgan Johnston, the Facilities and Services (F&S) Sustainability Coordinator, 
Transportation Demand Management Coordinator, and advisor for the Student Sustainability 
Committee at the University of Illinois at Urbana-Champaign (UIUC), spoke passionately about 
the need to treat stormwater management as a much more serious issue than it currently is, not 
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only at the university level, but also as a major environmental issue. She says we need to step 
back and look at the big picture and realize the effects of our actions (Johnston 2012). 
Johnston also spoke about the impairment of the Gulf of Mexico as a result of the 
harmful pollutants sent to the Mississippi River from runoff within the watershed. She was 
referring to an area commonly known as the dead zone. This hypoxic area, less than 2 ppm of 
dissolved oxygen, largely results from the water quality and quantity of the Mississippi River 
(SERC 2012). The area fluctuates in size; however, as of 2012, scientists supported by the 
National Oceanic and Atmospheric Administration (NOAA) estimate that the area ranges from 
1,197 square miles to 6,213 square miles (NOAA 2012). The size is based on the Mississippi 
River spring nutrient inputs, i.e. human-induced nutrient pollution loads entering the river from 
runoff within the watershed (NOAA 2012). Excess nutrients such as nitrogen and phosphorous 
cause algal blooms and deplete the dissolved oxygen (SERC 2012). When this occurs, the region 
can no longer support marine life, thus the name “dead zone.”   
Throughout our conversation, Johnston confirmed that insufficient data was being shared 
or presented by universities with regard to how they have approached their needs to manage 
stormwater in sustainable ways or the actions they have taken to meet federal requirements such 
as the CWA, NPDES requirements, or how they obtain MS4 permits. This insufficient 
dissemination of information may directly relate to areas such as university campuses 
contributing to the devastating effects of nonpoint source water pollution, as seen in the dead 
zone and numerous smaller examples of the same phenomenon elsewhere.  
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Significance 
If students, faculty, and donors all demanded a more proactive approach to improving 
stormwater management, new and higher standards could spur planners to adopt low impact 
development (LID) and wet weather green infrastructure to replace traditional management 
systems. This implementation would facilitate hydrologically functional sites that mimic 
predevelopment conditions (United States Environmental Protection Agency, “Stormwater 
Management” 2012). It is understood that resorting to predevelopment conditions may not be a 
preferred management technique in all areas,
1
 however, LID and BMPs alike aim to decrease the 
negative net impact of development on water sources. When developed correctly, sustainable 
stormwater systems may ameliorate many site-specific problems, such as flooding, runoff, 
erosion, infrastructure damage, and water contamination. In a larger didactic vision of 
sustainability, these BMPs continually evolve as new knowledge is presented. Because 
infrastructure is usually built to last, it is rarely capable of the evolutionary flexibility of most 
BMPs. It is therefore crucial that planners are aware of the most current and accepted 
development methods to avoid spending the resources to develop out of date, inefficient or 
unsuccessful systems. This study suggests that the consolidation of information would help 
campus officials avoid such detrimental systems.  
 
Research Questions  
Many schools throughout the United States have made diligent efforts to improve 
stormwater quality and reduce stormwater runoff; however, significantly fewer have adopted 
these efforts on a campus-wide scale. In this context, stormwater may be seen as an asset or a 
                                                          
1
 Such situations may arise when predevelopment conditions were that of a swamp or marsh and urban 
development is necessary for example. 
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mainspring for campus sustainability growth. Particularly in the Midwest region, an area 
experiencing increasing precipitation (National Wildlife Federation 2013) in which water 
conveyance systems are largely invisible or strictly engineered solutions, universities have an 
exciting opportunity to reshape people’s attitudes to stormwater.  
How and why are best management practices for stormwater management actively sought 
out by some universities, while other universities continue to rely on conventional conveyance?  
This study seeks to identify the dominant impediments, motives, and driving forces for the 
implementation and/or renovation of sustainable stormwater systems. In the context of this study, 
there are a few key sub-questions:   
a. How have other campus peers in the upper Mississippi watershed acted to refine 
conventional stormwater management practices to achieve optimal 
environmentally responsible systems?   
b. What attitudes and/or institutional resistance stand in the way of adoption and 
renovation for sustainable stormwater systems on campuses within the Upper 
Mississippi Watershed?   
How has the presence or absence of formal stormwater management plans influenced the actions 
taken to improve stormwater quality and reduce runoff volume?   
 
Research Overview   
The research strategies for this project employ descriptive research, followed by 
evaluation. Interviews and internet searching are the primary forms of data acquisition. The 
procedure for this project utilizes a mixture of methods to develop a sequential study. The study 
begins with the identification and description of exemplary stormwater systems within the 
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United States as well as key precedents within the Upper Mississippi Watershed. Because this 
study is concerned with the public availability of information, the exemplary status is largely 
based on self-reported data available on campus websites, master plans, publications, and 
independent evaluation organizations such as AASHE, to describe stormwater sustainability 
efforts.  
Second, this thesis investigation draws connections between 11 carefully chosen 
collegiate institutions (see p.18) within the United States, with a focus on the Upper Mississippi 
River watershed. Six institutions were identified within the Upper Mississippi River watershed 
including: The University of Illinois at Urbana-Champaign, Illinois Central College, University 
of Northern Iowa, University of Wisconsin – River Falls, University of Minnesota, and 
University of Missouri. The 5 additional institutions include: Michigan State University, 
University of Virginia, Villanova University, University of Connecticut, and Wellesley College. 
These institutions can be seen in FIGURE 1.  
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FIGURE 1 Location of institutions included within this study 
Original image source: 
http://upload.wikimedia.org/wikipedia/commons/8/8e/Level_III_ecoregions%2C_United
_States.png  
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II. Topical Background for Context 
 
Historical Overview  
Throughout the history of human settlement, stormwater has been dealt with in a variety 
of ways. The major rationale for stormwater management was to prevent flooding. In agriculture, 
water management and irrigation techniques have been evolving for thousands of years. As time 
and technologies progressed, new techniques were developed to divert water away from 
structures and hardscapes with a variety of intentions for where the water should go. Traditional 
means of managing stormwater mandated that water be transported off the site as quickly as 
possible and directed to combined or separate sewer systems leading either to treatment facilities 
or water bodies (United States Environmental Protection Agency, “Stormwater Management” 
2012). First introduced in 1855 as a means to eliminate the use of urban cesspools, combined 
sewer systems were seen as a remarkable improvement to public health and maintaining dry 
streets. Raw sewage and stormwater were carried away together much more efficiently to bodies 
of water than in previous years (Tibbetts 2005). In the mid-19
th
 century, they would have been 
considered what we today call best management practices. Treatment plants were eventually 
constructed to accept this water before it entered the water bodies; however, to this day 
combined sewers still face a fatal flaw that has never been corrected. These sewer systems are 
subject to flooding with the onset of heavy rain events that cause the sewage-stormwater mix to 
back up into streets and basements and overflow into rivers and lakes causing great health and 
environmental concerns.  
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Laws 
In 1899, the first federal water protection act, the Refuse Act, was established to prohibit 
the dumping of waste into navigable waters that would obstruct navigation (United States 
Environmental Protection Agency, “Summary of the History of NPDES” 2012). Many years 
later, in 1972 the National Pollution Discharge Elimination System (NPDES) was established as 
part of the Clean Water Act (CWA), which was also established in 1972 (United States 
Environmental Protection Agency, “Summary of the History of NPDES” 2012). The NPDES 
prohibited the discharge of pollutants into water bodies without first gaining an approval permit, 
while the CWA established more specific discharge standards necessary to clean up the nation’s 
water bodies.  
In the year 2000, the EPA conducted a Clean Watersheds Needs Survey and claimed that 
they would need $50.6 billion over the following 20 years to decrease the nation’s combined 
sewer effluent volume by 85% (Tibbetts 2005). The CWA is known as a “technology-forcing 
statute” because of the rigorous demands placed on those who are regulated by it to achieve 
higher and higher levels of pollution abatement under deadlines specified in the law” (Copeland 
2012, iii). The need for clean water and pollution prevention has brought about another method 
of sewer conveyance system that separates stormwater from raw sewage, such as that emanating 
from residences. These constructs are known as Municipal Separate Storm Sewer Systems or 
MS4s. Although hundreds of cities throughout the country are still forced to rely upon combined 
sewer systems, those with the financial resources to do so are renovating their infrastructure to 
utilize these MS4s.  
Because the schools within this current study send their stormwater to municipal separate 
storm sewers, they are required to obtain a permit from the Environmental Protection Agency 
12 
 
(EPA), allowing regulated levels of 
discharge (FIGURE 2). The permit ensures 
storm sewers remain free of sewage and 
other pollutants to the greatest degree 
possible. The criteria to get and keep the 
permit are the MS4 regulations, regulated 
by the NPDES (United States 
Environmental Protection Agency Cold Fusion Server 2013). The CWA, NPDES, and 
obligations for compliance with MS4 regulations continue to be the primary water protection 
policies that govern stormwater management today.  
Despite the fact that many communities and cities are not able to afford stormwater 
infrastructure improvements, they are still responsible for full compliance with the Clean Water 
Act among other environmental regulatory requirements. Thus, more inexpensive alternatives to 
increase stormwater quality and decrease volumes of runoff are necessitated. BMPs are 
continually being developed and refined in response to the many difficulties associated with 
managing stormwater, and in response to our increasing knowledge of detrimental environmental 
effects and feasible technologies to combat them. The original stormwater BMPs can be traced 
back to the Dust Bowl era when soil conservation efforts were aimed to protect water quality 
impacts at the watershed level. Methods to protect watershed functions within this era can be 
exemplified in the Soil Conservation Act of 1935 and the resulting Soil Conservation District 
movement. “Best management practices represent a compromise between effective pollution 
control options and practical management considerations” (Ice 2004, 685).                        
 
FIGURE 2 EPA permit required for stormwater to be sent to 
municipal storm sewers 
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Established Practices  
Because the benefits of BMP applications for stormwater management have been well 
documented in literature and are generally well known, this paper will not delve deeply into the 
benefits of such systems (Sustainable Cities Institute at the National League of Cities 2013). 
However, the basic problem is that modifying standard management practices within the campus 
context to adopt these continually evolving practices is difficult. Today, many stormwater 
management BMPs are based on theories of sustainability and thought to be the most sanitary, 
cost efficient, and ecologically-friendly systems by managers implementing them. As the 
Sustainable Cities Institute states, “By making the built environment act like the natural 
environment, sustainable best management practices for treating stormwater runoff can reduce 
flooding, improve water quality and cost less than traditional stormwater management practices” 
(Sustainable Cities Institute at the National League of Cities 2013). The Institute also outlines a 
few of the countless benefits of implementing BMPs, which include the following: improvement 
of water and stream quality by preventing pollution entry, prevention of flooding in undesirable 
areas and resulting flood damage, substitution of costly infrastructure with more sustainable 
means of stormwater control, and increasing property values by establishing natural landscaping.  
In the context of university BMP applications, there are additional measures to augment 
structural practices that we will call non-structural methods. These methods may include but are 
not limited to: community clean-up projects, student sustainability organizations; educational 
signage; and the drafting of specific management goals, previous implementation achievements, 
and documentation of pollutant entry and flow rates of campus stormwater. 
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III. Theoretical Context 
 
In Kimberly Seigel’s graduate thesis for Duke University, “Joining the Campus 
Sustainability Movement: An Environmental Audit of the Duke University Marine Lab” (2007), 
she states that the Campus Sustainability Movement first emerged in the 1980s, but began to gain 
the most traction throughout the 1990s. She also states, “This movement introduced the trend to 
evaluate and audit campus environmental practices and policies, and monitor their impacts on the 
environment” (Seigel, 2).     
To paraphrase Leith Sharp in her article, "Higher Education: The Quest for the 
Sustainable Campus" (2009), the campus sustainability movement has undergone two major 
phases since the early 1990s. The first phase focused on the need for campuses to amass a wide 
variety of innovations to reduce environmental impacts. Knowledge became consolidated and 
universities began to expand their repertoire, not only of potential alternative solutions to 
pressing environmental concerns, but also idealistic dreams of how universities might epitomize 
the future of sustainable development. Unfortunately, throughout the 1990s universities around 
the world only adopted portions of projects resulting in incomplete greening efforts (Sharp 2009, 
1-2). They were not engaging the comprehensive transformation process. Often, universities 
would advertise their successes or adopt innovative techniques to improve the sustainability of 
their campus, but would later return to conventional means. Sharp’s example of this is the 
construction of buildings on university campus’ using innovative, sustainable methods’, then 
when completed, the university lapsed back into less sustainable, conventional building methods 
for subsequent development. These single successes have not actually improved the overall 
sustainability of campus planning. We can see this today as well. Often universities claim to be 
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taking steps toward improving their carbon footprint or better manage their stormwater when in 
reality they have installed a mere rain garden. These activities often seem to have more of a 
symbolic than quantifiable impact.  
To move beyond merely superficial efforts, between 2003 and 2004, the movement 
entered a second phase. Again, to paraphrase Sharp (2009), this new movement engaged the 
public and university students and staff to a far greater degree. This engagement was seen in new 
environmental job positions opening and student environmental organizations forming. In 
response to these initial efforts, Sharp states that “despite the last fifteen years of effort, the 
campus sustainability movement has not yet succeeded in achieving wide-scale transformation of 
college and university campuses into models of sustainable practice” (2009, 3). Sharp also 
claims that with evolving environmental problems, universities must also evolve and focus their 
efforts on better understanding how they operate to develop a “systems-thinking” approach 
(Sharp 2009). In regard to the campus sustainability movement, Elder and MacGregor (2008) 
claim that significant barriers still exist that prevent universities from fully adopting optimal 
sustainability practices on a campus-wide scale. These barriers are said to include the “rigid 
disciplinary structures and faculty systems that only minimally reward scholarship, teaching, and 
activism related to sustainability. Few institutional incentives or national initiatives exist to 
overcome these barriers, yet this is precisely the place where transformative changes must occur” 
(2008, 9).  
 
Rationale 
For the sake of advancing stormwater management practices and the proliferation of 
sustainable stormwater management methods and ideology, the cost of not having accessible 
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information from campus peers could mean the continual laborious transition from method to 
method – or worse, investment to investment. As time and finances are squandered, the transition 
towards environmentally responsible stormwater practices becomes increasingly slowed and 
fruition uncertain. The cost also undoubtedly includes the dire environmental consequences of 
mismanaged stormwater. Conventional methods for managing stormwater, although they have 
come a long way since the cesspools of early settlement, continue to damage ecological 
processes, spread pollution, and continue to cost significant sums of money. If we have learned 
anything from our previous history of urban expansion, we can understand that predictable and 
intentional change does not come easy, nor does it come without detailed plans outlining current 
states and future goals. These plans represent a primary focus for the investigation as part of the 
associated institutional stormwater management impediments and driving forces for campus-
wide BMP implementation. By identifying key implementation influences, such as financial, 
social, and political factors, this study aims to consolidate the type of information universities 
would need to make more accurate comparisons with their peer institutions and more accurately 
portray efforts and successes within relevant sustainability ranking systems. It is predicted that 
these sociotechnical comparisons would increase motivation for BMP implementation due to the 
competitive nature that coincides with university functioning.  
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IV. Research Design 
 
Strategy 
The information collected for this study is primarily drawn from publically available 
documentation and interviews with campus representatives. Precedents are analyzed on the basis 
of what they contribute to this shared learning (e.g. publications, master plans, organizational 
advertisements, or additional information publically provided by the universities), in the form of 
self-reported data. Open-ended interviews with elite or expert respondents (e.g. campus officials 
and facilities directors) allow for additional insights on how systems and management operations 
function, and often provide previously undocumented information. By summarizing the 
characteristics of each university’s structural and non-structural stormwater management actions 
and extent of their commitment to future goals, conclusions may be drawn adding to a deeper 
understanding of how university structure leads to the adoption or negation of best stormwater 
management practices. By noting features such as total campus acreage and population, rural or 
urban settings, and climactic features, context is provided for more perceptive comparisons.   
In the beginning stages of investigation, literature was studied to note the connections 
between the need for improved stormwater sustainability and the efforts of higher education 
institutions to accomplish this. It soon became apparent that although sustainability has a history 
and is now omnipresent in the classroom, few of these institutions represent ideal dreams of 
sustainable campus planning that began with the campus sustainability movement in the 1990s. 
Further literature was studied to note these connections and disconnects between university 
actions and their implementation of best management practices. This investigation provided the 
context for the study.  
18 
 
Methods 
One of the preliminary goals for this study was to identify university precedents that were 
detailed enough to permit comparison and contrast between campus stormwater management 
efforts. This search had great potential to become absurdly vast. With numerous factors 
contributing to the presence or absence of stormwater BMPs, the investigation was narrowed in 
search of exemplars east of the Mississippi River. These exemplars were compared to others 
sharing the Upper Mississippi River watershed with the University of Illinois at Urbana-
Champaign (UIUC) (FIGURE 1). The Upper Mississippi River watershed and the search area for 
comparative exemplars were again subdivided into eco-regions to provide additional context for 
campus planning decisions. This context is necessary to more accurately understand campus-
specific planning processes as goals may vary depending on local conditions.  
AASHE was the first group to focus on rating sustainability efforts at colleges and 
universities (STARS 2012). Their green report card – the Sustainability Tracking, Assessment 
and Rating System (STARS) – initiated my search for precedents. Published literature, 
celebrations of sustainability, awards won, and other documented information was collected to 
select schools who implement abundant stormwater BMPs on a campus-wide scale. BMP 
quantities, methods, distribution, and campus goals were reviewed to find universities accounting 
for stormwater campus-wide as opposed to strictly site specific management strategies.  
The goal of the research was to discover the number and variety of stormwater BMPs 
used relative to campus acreage and the level of development of each school’s stormwater plans. 
I used these criteria to select schools from different eco-regions of the Upper Mississippi River 
watershed to obtain a large sampling size and array of models within a comparable context. 
Schools outside this watershed were not chosen solely based on their geographical location. I did 
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not consider state boundaries because ecologic and hydrologic trends are not tied to political 
boundaries so much as physical and climactic regions.  
One limitation of this study is that the search methods to narrow down the best 
precedents for this study were limited to publically available information. This was done because 
successes and failures of sustainable stormwater management practices need to be more readily 
available to the public and to fellow university decision-makers and stakeholders. A few 
universities stood out due to their extensive implementation and publications. The goal was to 
identify those who lead the field in the utilization of stormwater BMPs.  
  Once the precedents were chosen, a set of criteria were developed to categorize 
information (FIGURE 3). Contextual data was also categorized under these criteria in hopes it 
would help to explain any uniqueness. Structural BMP criteria were first outlined, including:  
 types of structural BMPs found on the campus  
 number of BMPs installed  
 BMP size  
 functions of BMPs on campus   
Their functions were again subdivided into 2 categories: primary and secondary. Primary 
function categories include:  
 reduction of runoff volume  
 reduction of peak flow  
 improvement of water quality   
Secondary functions include:  
 returning site to pre-development conditions  
 allowing infiltration  
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 retaining water on site  
 distribution to another system  
 distribution to a water body  
 distribution to sewer   
Next, non-structural criteria were outlined which include:  
 funding sources for stormwater related projects  
 AASHE STARS certification (if earned)  
 soil types  
 ownership of stormwater infrastructure  
 public/private status  
 urban/rural settings  
 students population  
 acreage  
 specialized programs 
 key personnel 
o stakeholders, advocates, and key decision-makers 
 status of stormwater master plans   
The development of these criteria categories were organized in a large spreadsheet for side-
by-side comparison. An excerpt from this chart can be seen in FIGURE 4, while the entire chart 
is available as APPENDIX A.
2
   
                                                          
2
 Information may be subject to change since the time of collection for this study (September – December, 2012). To the best of 
my ability I have accurately synthesized public information and interview data. Blank spaces represent a lack of information 
available. Updated information from readers is welcome. 
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FIGURE 3 Research categorization diagram 
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FIGURE 4 Excerpt from research spreadsheet showing 16 of 26 columns and 3 of 11 institutions  
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To gain an inside “sociotechnical” perspective, I also interviewed campus representatives 
such as F&S employees, professors, landscape architects, planners, and stakeholders from each 
school. I was especially interested in the attitudes and motives of people who are vital to the 
planning and development process. A list of questions for these interviews was compiled and 
sent to the institutional review board (IRB) for approval. This submission is to ensure the rights 
of the interviewees are not violated by an unintentional topic of conversation. Semi-structured 
interviewees these professionals were then held over the phone, via email, and in person while 
the list of questions was used to guide the conversations (FIGURE 5). All the questions address 
implementation limitations and driving forces, master plan specifics, regulations, and funding, as 
well as the interviewee’s awareness of how other institutions manage their stormwater.    
 
FIGURE 5 Interview questions administered in 12 semi-structured interviews held between September and 
December 2012 
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Another goal of the interviews is to assess any bias that may be held by various 
respondents. Each sector of the university may have differing opinions and motives that drive 
how they perform their jobs. This wide range of motives, each holding differing weights of 
influence, may inflect campus decision-making outcomes. Each of the representatives I spoke 
with from the precedent schools said their stormwater management could benefit, especially in 
the planning stages, from an increased awareness of what other schools are doing – especially 
schools they could relate to in similar eco-regions, rural or urban settings, or those with similar 
management goals.  
        Through the organization of this collected data – both institutional research and 
interviews – it is possible to identify ways in which universities have or have not employed 
stormwater BMPs on a campus-wide scale and to identify the extent to which universities have 
retrofitted existing infrastructure with more sustainable, environmentally responsible methods. 
The interviews play a major role in describing agendas, motivations, and limitations of various 
university sectors and individuals, leading to a greater understanding of the institutional 
resistance inhibiting the adoption or renovation of these BMPs. Finally, by reviewing the 
university’s plans – i.e. stormwater master plans or similar documentation – the study has been 
able to draw comparisons between how the university intends to address future stormwater 
management and the completed or in-progress actions to improve stormwater quality, reduce 
runoff volume, and contribute to the shared learning between universities and the public.  
 
Data Analysis 
The data that has been collected was primarily organized into a large spreadsheet 
(APPENDIX A) to compare methods and management approaches. The spreadsheet synthesizes 
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a broad display of information from each university, describing direct and indirect contributions 
to best stormwater management practices. The following section summarizes these data as 
trends, while FIGURE 6 illustrates university priorities.  
 Upon reviewing the data, 7 out of the 11 precedent schools have maintained that meeting 
MS4 regulations is a primary stormwater goal for their universities, although all are legally 
responsible to abide by NPDES and MS4 regulatory requirements. Although very few of these 
schools possess complete stormwater management plans or maintain detailed public information 
pertaining to their stormwater goals, it can still be concluded that meeting MS4 requirements is 
the most significant driving force in the implementation of BMPs. Participating campus 
representatives were concerned primarily with how other schools comply with these MS4 
regulations and the steps their university will take to ensure a permit is received. As sewer 
systems collect more and more runoff from expanding hardscapes of developed areas, complying 
with these federal regulations to achieve a NPDES MS4 permits becomes vital.  
Non-compliance with NPDES regulations may potentially result in federal penalties 
enforced by the EPA. Also, interested parties maintain the right to sue under the citizen suit 
provision of the CWA (Indiana Department of Environmental Management 2013). John Tinger, 
of the U.S. EPA Region IX NPDES Permits Branch stated that violations of the CWA may allow 
for fairly severe penalties of up to $32,000 per day per violation (Tinger 2013). The enforcement 
of this act is clearly discussed in Section 309(a) of the CWA while civil action lawsuits are 
covered in 309(b). Each school within this study is obligated to abide by these regulations and 
thus, fear of noncompliance resonates among them as well.  
UIUC has partnered with surrounding MS4s – such as the City of Champaign and 
Urbana, Savoy, and Champaign County – to pool their resources in order to obtain their MS4 
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permit. In addition to achieving these permits, the other most commonly stated goals outlined in 
management plans and by interviewees address what I call primary structural BMP functions(as 
previously defined), protecting local water bodies, and promoting infiltration to reduce runoff.  
The collection of 
data between universities 
also shows prominent 
motivations for BMP 
implementation over 
conventional management 
systems. These motivations 
include, in decreasing order of importance to campus planners and stakeholders: solving water 
problems like flooding on campus, maintaining healthy ecosystems, internal and external 
pressures on the university (stakeholder demands would be one example of an external pressure 
while a self-motivated drive to create a master plan would be an internal pressure). The least 
important motives include creating positive reputations based on sustainability, and the desire to 
educate (FIGURE 6). 
The first three motives are largely based on legal obligations. Although it might be 
supposed to be a higher priority, it makes sense why the desire to educate is not fully embraced 
by F&S officials. As described earlier, universities maintain a complex structure with many 
sections necessary for a fully functional operation. These sections, such as administrative or 
planning departments, do not all revolve around the academic portion of the institution and many 
maintain alternative yet necessary goals. Understanding the sociotechnical hierarchy of these 
motivations between departments helps to clarify the rational for planning and implementation.  
FIGURE 6 Interview findings: hierarchy of implementation motives 
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The trends interpreted from the research also illustrate the dominant impediments to 
development and planning processes. These impediments, like the motivations, can be organized 
into a hierarchical order which can be seen in FIGURE 7. At the top of this hierarchy – the 
largest impediment – is a lack of financial resources. Stakeholders also stressed the troubles with 
insufficient, comprehensive stormwater management plans. Maintenance issues were also of 
concern, especially for F&S employees, who are major decision makers in many of the campus 
development planning processes. Eliana Brown, UIUC F&S environmental compliance and 
stormwater coordinator remarks that not all maintenance questions have been answered. Many 
systems have not been 
fully assessed to determine 
proper long-term care. It is 
apparent that without 
proper maintenance, 
systems will eventually fail 
or at least not perform at 
optimal efficiencies 
(Brown 2012). Ownership and rights to modify property were also important as these rights vary 
between university and city ownership.  
 
Discussion of Findings 
It is not surprising that financial concerns were the highest among implementation 
constraints when considering aging infrastructure and rapid evolving technologies in a down 
economy; redevelopment or retrofitting existing systems is usually more expensive than starting 
FIGURE 7 Interview findings: hierarchy of implementation impediments   
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from scratch. There is a tendency to avoid risks in lengthy development and planning processes 
when clear results do not guarantee a return for financial and time investments. Also, most if not 
all universities are organized according to their own political structure. This structure is often 
quite complex, consisting of numerous positions and decision makers at every level. FIGURE 8 
shows a simplified outline of how the campus planning process at UIUC operates. Numerous 
people are involved at different stages and projects are constantly shuffled through these steps. 
This is also where internal and external political pressures often emerge. 
 
 
FIGURE 8 Abbreviated structure of UIUC campus planning processes 
Image source: http://www.senate.illinois.edu/master.pdf  
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Differing management objectives and infrastructure ownership are also significant 
limitations making further development difficult. As an example, at UIUC, stormwater 
infrastructure ownership is dictated by who owns the street. Because the campus is located in 
such close proximity to both Champaign and Urbana, a portion of the streets are owned by each 
city as well as a portion being owned by the university as seen in FIGURE 9. When alterations 
are to be made, this diverse ownership group complicates the collaborative decision-making 
process.  
This study suggests that exemplars showing campus stormwater management programs 
are rare or incomplete. As mentioned earlier, if the specifics on how some schools are 
successfully able to implement BMPs were more available to campus planners and key decision-
makers, management plans for both structural and procedural BMPs would likely more easily be 
enacted.   
  Paul Meyerman, landscape architect and planner from the University of Northern Iowa 
states that, “campuses could really benefit from knowing what other schools are doing,” in 
regards to stormwater development (2012). The development of a well-structured, publically 
available management plan becomes crucial for achieving this.  
The institutions within this study that have developed complete stormwater master plans 
include: The University of Wisconsin – River Falls, The University of Minnesota, Michigan 
State University, The University of Virginia, and Villanova University. The University of 
Connecticut and Wellesley College have documentation pertaining to their future stormwater 
plans; however, they are significantly less complete than the consolidated master plans of the 
universities previously mentioned. Management plans from each university were categorized 
based on a range from 1 to 5 (FIGURE 10). The first category represents campus management 
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plans which mention stormwater management in a minimal context but lack inventories of 
current practices and specific goals for future attention. The fifth category represents well 
documented stormwater master plans, complete with current management methods, specific 
goals for the future, and how and when these goals will be accomplished. Despite UIUC not 
having a completed stormwater master plan, Matthew Edmonson, UIUC Landscape Architect, 
says that changing future master plan guidelines is the way for future implementation change and 
improvements (2012). He also says that it is much easier to plan if you can build on renditions of 
previous plans.  
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FIGURE 9 UIUC street ownership map 
Image source: http://webdev.fs.illinois.edu/fs/transportation/GIS_490.pdf  
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FIGURE 10 Master plan rankings according to author-developed standards 
33 
 
The schools chosen for having great stormwater best management practices all have well 
developed management plans. The schools in the Upper Mississippi Watershed with less 
extensive management plans also seem to have less extensive infrastructure or planning 
programs. Based on close examination of complete stormwater master plans from the 
universities, it is tempting to conclude that plans including clear, measurable goals and specific 
methods to achieve them result in a greater ability to implement stormwater BMPs on a campus-
wide scale. This planning structure starts with an inventory of specific BMPs established, their 
functions, and their operating efficiencies. In other words, it is difficult to know what type of 
improvements are needed if you are not aware of what systems are already in place and how well 
they operate. At very least, these plans should articulate how the university plans to reduce peak 
rate runoff, total volume, and pollutants within stormwater. The University of Minnesota 
stormwater master plan exemplifies an ideal inventory because it outlines all BMP methods 
utilized, the number of each method developed, the size of each system, and many more specifics 
that accurately portray the range of tactics ensuring responsible management.  
Another observation emerges in comparing the organizational structures of each of these 
universities. Compared to other schools in this study, UIUC has a superior student sustainability 
program that actively promotes the progression of sustainable stormwater practices. The Student 
Sustainability Committee is fully responsible for allocating two student fees to sustainability 
projects, like stormwater management – the Sustainable Environment Campus Fee and the Clean 
Energy Technologies Fee. These fees were approved by a student referendum leading UIUC to 
generate the largest funding pool for student-lead sustainability projects in the country 
(University of Illinois Center for a Sustainable Environment 2012). When considering that a 
major portion of the university sustainability project funds are financed with these fees, all 
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students should consider themselves stakeholders in the future development of the campus. With 
this money and other grants in the past 5 years, the SSC has been able to devote over $197,000 
just to stormwater related projects (University of Illinois at Urbana-Champaign, “Student 
Sustainability Committee” 2012). It seems that the university’s lack of a comprehensive 
management plan is partly mitigated by the success of this student-led organization; however, it 
should be pointed out that this is not a reliable or sustainable management strategy. The 
following chart is a breakdown of projects relating to stormwater management that the SSC has 
funded in the past 5 years (FIGURE 11).    
 
 
 
 
 
 
 
FIGURE 11 Student Sustainability Committee project funding over past 5 years  
Based on information provided by http://ssc.union.illinois.edu/ 
35 
 
V. Conclusion 
 
This thesis is inspired by the campus sustainability movement and attempts to identify 
key driving forces and impediments within the university structure for the continued 
implementation of stormwater best management practices. The concepts of this thesis project are 
multifaceted including the documentation of best management practices being utilized on 
university campuses as well as an overview of institutional characteristics as they relate to 
stormwater management efforts, key personnel involved in decision making processes, and the 
degree of development of stormwater master plans. Two features are highlighted: success is 
more likely when the stormwater master planning process is robust and transparent, and the role 
of student activism is crucially important. For university stormwater exemplars to be more 
available to campus planners and stakeholders, stormwater master plans need to be more 
complete. Universities also need to showcase their innovations, and ranking systems specific to 
stormwater management need to be more common and address a wider scope of stormwater best 
management practices to account for the variability between schools.     
 
Reflections and Lessons Learned 
Throughout this process of identifying campus exemplars and their stormwater 
management programs, I have learned a few lessons. One is the difficulty in trying to compare 
and contrast management practices between schools with so many site-specific criteria. 
Additional work to parallel and extend this study might focus on the analysis of individual 
schools. The information compiled here could provide the initial criteria and structure for that 
study. I have also learned about the complexity of institutional planning processes. Within each 
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school, numerous people and agendas tend to shuffle projects around. Internal and external 
pressures, personal interests, and political agendas further complicate the already intricate 
planning and development process. Additional research might focus on how personal interests of 
key planners may affect the extent of, or innovation in stormwater best management practices, 
for example, on urban or rural university campuses.  
Based on the lessons learned from this study, a few suggestions may be appropriate for 
the University of Illinois. First, the university should focus immediately on developing a 
comprehensive inventory of structural and procedural BMPs to start a stormwater master plan. 
Also, all U of I standards to meet MS4 requirements should be set higher than the minimum 
required by the EPA. Unfortunately, for the 2012 annual MS4 inspection report, U of I failed to 
complete storm and sanitary sewer inspections and cleaning programs. They should focus on 
carrying out these programs for the 2013 report. Lastly the University should supply the 
necessary information to achieve a STARS ranking from the AASHE to be further recognized by 
the public, and by other peer schools in the region. 
 
Dissemination and Catalogue 
This study may attract a wide audience who are interested in the increased sustainability 
of universities via stormwater BMPs. Despite this diverse potential audience, I believe those who 
will primarily be interested in this study are campus infrastructure decision makers as well as 
stakeholders in the campaign for an increased and consolidated body of knowledge that increases 
the understanding of sustainable stormwater management implementation.    
Throughout this study, the idea of producing a consolidated database of information has 
endured. LAF and AASHE were described as dominant databases that currently provide 
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information pertaining to general case studies that include among many topics, stormwater 
management and university campus design and planning. If a new database were to be developed 
based on the data provided in this study, it may resemble or overlap somewhat with these 
resources; however, it may also provide alternative and more detailed content. This new database 
should not only provide an inventory of stormwater BMPs on campus, but it would describe 
campus goals, rationale for implementing various BMPs, and challenges and encouragement that 
have influenced the development process. This database content would help other campus 
planners to develop their own campus management systems. There is currently a wealth of 
knowledge describing how BMPs operate; however, what is not as plentiful and would be 
provided in this database, is a guide through the implementation process. As we have seen in this 
study, this implementation process is often an arduous and convoluted one that depends greatly 
on site specific factors such as the ability to obtain an MS4 permit and financial constraints. It is 
however clear that with proper planning, such as the development of a comprehensive 
stormwater management plan, significant strides can be made toward improving stormwater 
management systems. Improved methods of sharing knowledge, including databases similar to 
the one proposed, could strengthen and expedite the proactive actions taken by institutional 
actors and leaders for sustainable stormwater management.      
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APPENDIX A Excel spreadsheet of data collected from each precedent university  
